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Stressful Life Events and Depression among 
Adolescent Twin Pairs 


JASON D. BOARDMAN,! KARI B. ALEXANDER, ! 
AND MICHAEL C. STALLINGS? 


‘Department of Sociology, Institute of Behavioral Science, University of 
Colorado, Boulder, Colorado, USA 
Department of Psychology, University of Colorado, Boulder, Colorado, USA 


Using the twin pairs sample from the National Longitudinal Study of Adolescent Health, 
we estimate bivariate Cholesky models for the influence of stressful life events (SLEs) 
on depressive symptoms. We show that depressive symptoms (bepression = .28) and 
dependent SLEs (events influenced by an individual’s behavior) are both moderately 
heritable (hi, Dependent = -43). We find no evidence for the heritability of independent 
SLEs. Results from the bivariate Cholesky model suggest that roughly one-half of the 
correlation between depression and dependent SLEs is due to common genetic factors. 
Our findings suggest that attempts to characterize the causal effect of SLEs on men- 
tal health should limit their list of SLEs to those that are outside of the control of the 
individual. 


Introduction 


Stressful life events (SLE) are regularly linked to the mental health of adults. Those who 
have experienced more SLEs are consistently more likely to report worse mental health 
than those who have experienced few or no stressful events (Kessler 1997). SLEs are gen- 
erally treated as exogenous shocks, and stress is characterized as something that happens 
to people. However, it is also possible that stress exposure and poor mental health are 
both derived in part from the same unobserved source; the genetic factors implicated in 
depression may also increase exposure to SLEs (Silberg et al. 1999). 

The goals of this current study are as follows. Our first goal is to characterize 
the relative influence of genetic vis-a-vis environmental factors on both stress exposure 
and depression among adolescents. Second, we describe the extent to which common 
genetic influences affect both stress exposure and depression. Importantly, we differentiate 
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between SLEs in which individuals have some control (dependent SLEs) and those that 
are exogenous (independent SLEs). Though at least five studies have examined the role 
of genetic factors on the relationship between SLEs and depression, (Rice, Harold, and 
Thapar 2003; Eley and Stevenson 2000; Silberg et al. 1999; Thapar, Harold, and McGuffin 
1998; Billig Hershberger, Iacono, and McGue 1996), the bulk of this research has focused 
on adults (e.g., Plomin et al. 1990; Kendler, Karkowski, and Prescott 1999; Stein et al. 
2002). Further, most accounts of SLEs in the previous studies emphasize recent events 
(within the past 12 months), and we examine stress exposure across adolescence and into 
young adulthood. 


Genetic Influences on Depression and Stressful Life Events 


A review by Sullivan, Neal, and Kendler (2000) suggests that 37 percent of the variation 
in major depression among adolescents and young adults is due to genetic factors. This 
estimate is derived from five twin studies using different designs and different samples, 
and similar estimates are obtained for depressive symptoms among adults (Kendler et al. 
1994). There is also a large body of work examining genetic influences on stress exposure 
(Kendler and Baker 2007; Silberg et al. 1999; Stein et al. 2002; Wierzbicki 1989). In a 
recent review, Kendler and Baker (2007) report heritability estimates for SLEs comparable 
to those for depression, with an average heritability of 28 percent from six studies. These 
results provide some evidence of a gene-environment correlation (rGE) that occurs when 
environmental exposure is conditioned by genotype. In active rGE, persons with genetic 
tendencies to exhibit depressive symptoms actively select into the most stressful social 
environments. Therefore, an individual’s exposure to SLEs under active rGE is not an inde- 
pendent or exogenous shock. Accounting for this dependence and clarifying stressful life 
events that are the most susceptible to this endogeneity will make important contributions 
to the stress-mental health literature. 

Although some evidence that SLEs are heritable is necessary to demonstrate rGE, 
it is not sufficient. The second requirement is evidence that the covariation between the 
two phenotypes—in this case stress exposure and depression—is due in part to common 
genetic influences. Using twin studies, researchers can estimate the genetic correlation 
coefficient describing the degree to which the genetic influences on one trait correlate with 
the genetic influences on another. This information, in conjunction with the heritability of 
each trait and the overall phenotypic correlation, allows researchers to estimate the pro- 
portion of the association between the two traits that is due to genetic influences. Using 
these techniques (described in detail further), Kendler et al. (1999) suggest that one-third 
of the association between stress and depression is due to common genetic factors, and 
comparable results have been reported using different samples (Billig et al. 1996; Kendler 
and Karkowski-Shuman 1997; Stein et al. 2002). Schnittker (2010) estimates a heritability 
of .29 for depressive symptoms among adult twins and shows some evidence that common 
stressors such as chronic health conditions, financial strain, marital strain, and discrimina- 
tion are also heritable. He demonstrates that the association between depressive symptoms 
and exogenous environmental stressors (such as childhood stressors, current neighborhood 
conditions, and perceived discrimination) is independent of genetic influence. However, in 
cases in which individual characteristics are the most relevant (e.g., marital strain, financial 
strain, and health limitations), he finds evidence for gene-environment correlation. 

Schnittker’s (2010) findings are in line with the SLE literature, which has differen- 
tiated between SLEs that are outside the control of the individual (independent SLEs) 
and those that may be influenced by the behaviors of the individual (dependent SLEs; 
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see Brown and Harris 1978). It follows that the heritability of dependent SLEs should be 
substantially higher than the corresponding estimate for independent SLEs. This is exactly 
what Kendler and Baker (2007) report in their review. They report an average heritability 
of independent SLEs that is only 17 percent compared to an average heritability of 31 per- 
cent for dependent SLEs. In a recent study, Bemmels et al. (2008) report a heritability of 
45 percent for dependent SLEs and only 7 percent for independent SLEs; these figures are 
quite similar to results reported by Billig et al. (1999). These estimates are also in line with 
a widely cited study in which Plomin et al. (1990) estimate the heritability of dependent 
SLEs and independent SLEs to be 43 percent and 18 percent, respectively. 

This study contributes to this important body of work by examining a nationally repre- 
sentative sample of adolescent twin pairs. The design of Add Health allows us to generalize 
to the larger population of adolescents from this particular cohort. Because some research 
suggests that the effects of SLEs may be cumulative over time (Geronimus 2001), we mea- 
sure dependent and independent life events over a larger span of time than previous work 
in this area. 


Data 


All data in these analyses are drawn from Waves I-III of the National Longitudinal Study 
of Adolescent Health, a nationally representative longitudinal survey of adolescents and 
young adults obtained from an initial in-school survey of middle- and high school students 
conducted from September 1994 to April 1995. In total, 90,118 adolescents who attended 
80 high schools and 54 feeder schools (both public and private) took part in the initial 
interview. During the months of April through December 1995, a sample of the in-school 
respondents (stratified by gender and grade) were selected to participate in an in-home 
face-to-face interview (Wave |). These respondents have been followed up three times 
over the past 15 years for a total of four waves of in-home data collection. 

The Add Health study oversampled twin pairs identified in the in-school survey, and 
this sample design enables quantitative genetic analysis. Respondents who reported during 
Wave I that they had a full sibling or a twin were included in the pairs roster, and of the 
3,139 pairs who were asked, 83 percent (n = 2,612) agreed to take part in the study. In 
this study, we use a total of 221 identical and 320 fraternal twin pairs for our analyses. The 
twins range in age from 11 to 21 during the Wave I collection, 12 to 23 during Wave II, 
and 18 to 27 during Wave III.! 


Measures 


This study focuses on two variables: SLEs and depressive symptoms. Identifying SLEs 
can be complicated by differential perceptions of similar events (e.g., divorce) as stressful 
or not stressful. Because previous research indicates that “undesirable” events are more 
likely to adversely affect health (Horesh, Ratner, Laor, and Toren 2008), we follow the 
work of Adkins et al. (2009) and include only events that would generally be considered as 
negative. The stress data were self-reported and included whether the event had occurred 
and at what age. For each member of the sample, we constructed two simple additive 
indices that represented the cumulative number of dependent or independent SLEs that had 


'Detailed information about the Add Health study design can be found in Harris et al. 
(2009), and readers are encouraged to visit the following website: http://www.cpc.unc.edu/ 
projects/addhealth. 
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occurred up until his or her age at Wave 3. Thus, for some pairs, the SLEs were cumulative 
through their late teens and for others through their mid-20s. 

Like Billig and colleagues (1996), we used researcher judgment to classify events as 
independent (i.e., events seemingly outside the control of the individual) or dependent (.e., 
events over which individuals may reasonably be expected to exert agency). Our catego- 
rizations are similar to those used in previous research (Bemmels et al. 2008; Billlig et al. 
1996), with one exception: We classified extreme financial difficulties (e.g., getting evicted 
from one’s home or having utilities in one’s home discontinued) as independent because 
we were unable to determine whether the respondent was solely responsible for the finan- 
cial maintenance of the household.” SLEs were recorded if they occurred on or after the 
respondent’s tenth birthday. 

The independent items included the following: miscarriage; death of a romantic part- 
ner; death of a spouse; death of a baby; suicide of a friend; having a baby with medical 
problems; relationship abuse (threatening, insulting, swearing, throwing things, pushing); 
being jumped; seeing violence; being shot or stabbed; being threatened; being raped; being 
injured in a fight; being unable to get needed health care; being evicted from one’s home; 
having one’s utility service cut off; or being involuntarily cut from welfare. 

The dependent SLEs included the following: having sex for money; running away 
from home; being expelled from school; unwanted pregnancy; abortion; giving a baby up 
for adoption; end of cohabitation; end of marriage; end of nonromantic sexual relationship; 
being diagnosed with an STD; attempted suicide; threatening someone; shooting or stab- 
bing someone; injuring someone in a fight; being discharged from the military; entering 
the military; juvenile conviction or detention; adult conviction; adult jailtime; or end of 
romantic relationship. 

We measured depressive symptoms at Wave 3, when the pairs ranged in age 
from 18 to 27. Therefore, all SLEs occurred before the self-reported depressive symp- 
toms assessment. We used a modified version of the Center for Epidemiologic Studies 
Depression (CES-D) scale, a nine-item index that asks respondents about the frequency of 
the following events over the past 7 days: (1) You were bothered by things that usually 
don’t bother you; (2) you could not shake off the blues, even with help from your family 
and your friends; (3) you felt that you were just as good as other people (reversed); (4) you 
had trouble keeping your mind on what you were doing; (5) you were depressed; (6) you 
were too tired to do things; (7) you enjoyed life (reversed); (8) you were sad; (9) you felt 
that people disliked you. Response options were 0 = never, rarely; | = sometimes; 2 = a 
lot of the time; or 3 = most of the time or all of the time. These items were summed within 
individuals to create the overall measure of depressive symptoms (mean = 4.8, standard 
deviation (SD) = 4.0, min = 9, max = 20). The CES-D has been shown to be a valid indi- 
cator of depression in general and for young adults (Radloff 1977, 1991). The descriptive 
statistics and phenotypic correlations by zygosity are provided in Table 1. Initial support for 
genetic influences on depression and SLEs can be seen from the pairwise correlation coef- 
ficients by zygosity; except for independent stressful life events, the correlation between 
identical twins is significantly higher than the corresponding correlation among fraternal 
twins. 


"We are aware that using researcher judgment to classify SLEs is not a perfect method. The 
personal beliefs of any researcher may influence whether they think specific life events are exogenous 
or brought upon oneself by the respondent. For this reason, we relied heavily on past research with 
one adjustment. 
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Table 1 
Descriptive Statistics and Correlations by Zygosity 


Twin | Twin 2 


DEP SLEI SLED DEP SLEI SLED 


Identical Twins (221 pairs) 


Twin | 

Depression 1.00 

SLE Independent 0.06 1.00 

SLE Dependent 0.13 0.47 1.00 
Twin 2 

Depression 0.29 0.09 0.12 1.00 

SLE Independent 0.07 0.39 0.34 0.09 1.00 

SLE Dependent —0.07 0.33 0.42 0.09 0.27 1.00 
Mean 4.81 1.62 4.22 5.01 1.51 4.22 
SD 4.23 253 3.51 4.01 2.29 3.79 
Fraternal twins (320 pairs) 
Twin | 

Depression 1.00 

SLE Independent 0.15 1.00 

SLE Dependent 0.09 0.51 1.00 
Twin 2 

Depression 0.15 0.03 0.03 1.00 

SLE Independent 0.23 0.33 0.23 0.14 1.00 

SLE Dependent 0.17 0.19 0.20 0.06 0.41 1.00 
Mean 4.78 1.80 4.37 4.35 1.45 4.42 
SD 3.90 2.57 3.68 3.93 2.04 3.96 
Methods 


A series of bivariate twin models (Cholesky triangular decomposition models) were fit 
jointly to 4x4 covariance matrices (the four variables were depression and SLEs for twin-1 
and depression and SLEs for twin-2) for MZ and DZ twins. Figure | shows the Cholesky 
decomposition for a simple additive genetic model. In Figure 1, the observed measures 
for one member of a twin pair are modeled as the sum of three underlying latent factors 
representing additive genetic influences (Aj), shared environmental influences (Cj), and 
nonshared environmental influences (E;). Under this ACE model, the decomposition of the 
variance-covariance matrix among the observed measures can be obtained by regression of 
the observed measures on the latent factors according to the following equations: 


Stressful Life Events = a;,;A); + c1;C, + e,E; 


Depression = a2; Ay + a22A9 + C21Cy + C22C2 + €2) Ey + €22Ed, 


where Depression and Stressful Life Events are the observed values, and Aj, C;, and E; 
are the latent factors representing additive genetic, shared environmental influences, and 
nonshared environmental influences on the observed measures. 
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Depressive 


symptoms 


Figure 1. Schematic of bivariate Cholesky model. (color figure available online) 


Notice that Figure 1 models the phenotypic measures for one member of a twin pair 
only. The phenotypic measures of the cotwin would be modeled in an identical manner. 
The lower case aj; and e;; represent the standardized regression weights (factor loadings) of 
the respective factors on the phenotypic measurements. These loadings are constrained to 
be equal for monozygotic (MZ) and dizygotic (DZ) twins. All latent factors are assumed 
to have unit variance and are uncorrelated within individual twins. However, theoretical 
assumptions regarding the genetic and environmental relationships between twins are used 
to constrain the correlations of these latent factors across twin pairs. As MZ twins are 
genetically identical, the additive (A;) genetic factors correlate 1.0 across members of a 
twin pair. For DZ twins, who share half their alleles on average, the correlations among 
the additive factors (Aj) are constrained to be 0.5 across members of a twin pair following 
standard genetic theory (Falconer and MacKay 1996). By definition, shared environmental 
influences affect cotwins equally, so the correlations among the Cj latent factors are con- 
strained to 1.0 for both MZ and DZ twins. Nonshared environmental influences are those 
environmental effects unique to each member of a twin pair. Thus, for both MZ and DZ 
twin pairs, correlations among the nonshared environmental factors (Ej) are constrained 
to be zero. Thus, this model predicts a variance-covariance matrix that is described in 
Table 2. 

Factor loadings are estimated by maximum likelihood methods using Mx (Neale 
1993). Essentially the modeling program provides estimates for the factor loadings by 
numerical search for the parameter values that minimize a function that is twice the 
difference between the likelihood of the data under the model to be tested and the like- 
lihood for the perfectly fitting model. Under assumptions of multivariate normality, the 
function is asymptotically distributed as x7, with degrees of freedom equal to the num- 
ber of observed statistics minus the number of estimated parameters. Submodels of the 
full Cholesky decomposition model are tested by constraining certain coefficients to zero 
and recalculating the likelihood ratio for the fit of the reduced model. The difference 
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in -2LogLikelihood between two nested comparison models is also distributed as x? 
under multivariate normality assumptions, with degrees of freedom equal to the differ- 
ence in degrees of freedom between the two models. Likelihood ratio tests are used to 
determine whether reduced models resulted in a significant loss of fit to the observed 
data).3 


Results 


Table 3 provides the model fit statistics for the univariate analysis. According to these 
results, the AE model (a model in which there is no shared environmental influence) was 
the best-fitting model relating depressive symptoms and dependent SLEs; dropping the C 
parameter did not decrease the overall fit, so we considered the AE model appropriate to 
explain depression. According to these estimates, 28 percent of the variance of depressive 
symptoms was due to additive genetic influences, and the remaining 72 percent was due to 
unique environmental influences. 

Similarly, for dependent SLEs, dropping C did not significantly decrease the predic- 
tive value of the model, and the likelihood ratio tests reported in Table 3 also suggested 
an AE model. Importantly, we observed a relatively high additive genetic estimate (h? = 
.43) for dependent stressful life events. However, for independent SLEs, dropping the esti- 
mate for additive genetic influences (A) did not significantly decrease model fit. The CE 
environmental model best fit these data, suggesting that independent SLEs were not sig- 
nificantly influenced by genetic factors. Roughly one-third of the variance in independent 
SLEs was due to shared environmental influences and the remaining two-thirds to unique 
environmental influences. Although the CE model was the best fitting, it is nevertheless 
important to highlight that the heritability estimate from the ACE model, .12, was in line 
with other heritability estimates for uncontrollable SLEs (Bemmels et al. 2008; Billig et al. 
1996; Plomin et al. 1990). 

Our main question is how much of the observed association between stress and depres- 
sion is due to a common and unobserved genetic source. Figure 2 summarizes the results 
from the bivariate Cholesky model. Because we failed to identify significant genetic vari- 
ance for independent SLEs, we estimated this model only for dependent SLEs. Further, 
because the AE model was the best fitting model for both phenotypes, we estimated an 


>The parameter tests from these models provide the following information: (1) the best-fitting 
model indicates whether genetic or environmental influences or both are important sources of vari- 
ation for each trait; (2) the models decompose environmental influences into shared and nonshared 
sources and indicate whether both sources are needed to fully characterize environmental influences; 
and (3) most important, they describe the extent to which the observed covariation between the two 
traits is due to environmental or genetic covariation. Specifically, the path coefficients described in 
Figure 1, in combination with information about the variance of each trait and their covariance, can 
be used to identify the source of the variation that is unique to each trait and that which is shared. 
The equation [a 1 2 | > le oe | = [i "2 | describes this relatively simple 

a3, A>, + A> O12 OF rA_ hy; 

element-by-element conversion. The solution to this equation provides standardized estimates for 
the heritability of SLEs (/7), the heritability of depressive symptoms (h?, ), and the proportion of the 


covariance between depression and SLEs that is due to common additive genetic influences (rA). 
A common summary statistic of the genetic covariation is the genetic correlation coefficient (r,), 
which is given as oS Taken as a function of the univariate heritabilties of the two traits 
V1 431 +499) 
( /h2 * 1, * fiz), the standardized genetic correlation summarizes the proportion of the phenotypic 


correlation that is due to shared genetic influences. 
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.309 


2.457 2.091 


Dependent 
SLEs 


3.390 


Figure 2. Path coefficients from the best-fitting (AE) bivariate model. (color figure available online) 
Note: All data come from Waves I-III of the National Longitudinal Study of Adolescent Health. 
Parameter estimates were obtained using Mx statistical software (Neale et al. 2003) and denote the 
paths for the best-fitting model described in Table 2. Saturated model -2LL = 11910.32, reduced 
model (dropping C) -2LL = 11912.89, x? = 2.571, df = 3, p < .463. 


AE bivariate model. The parameter estimates for this model are presented in Figure 2. In 
sum, these results presented evidence for genetic correlation between dependent SLEs and 
depression (rg = .15). 


andy (.309)(2.457) 
Jae, +a2,)  V2457P(309? + 2.0917) 


r= 


When considered as a function of the heritabilities of the two traits x and y, the total 
amount of the correlation that was due to genetic factors was estimated to be .068 


[2, = Jie * Tg * Jie = 5], Taken as a proportion of the total phenotypic correlation 


in the overall sample (r = .09; weighted average), the standardized solution suggested 
that roughly 55 percent of the correlation between controllable life events and depression 
was due to genetic factors that influenced both traits, and the remaining 45 percent was 
due to common environmental influences that caused the two traits to correlate.* That is, 
people who were more likely to be exposed to dependent SLEs were also more likely to 


+Because of the relatively low phenotypic correlation, the confidence interval for the standard- 
ized solution contains the value of zero. Simulations were used to obtain the following empirical 95 
percent confidence interval for the genetic correlation coefficient [rg = .15(—.06, .38)]. Though this 
estimate is statistically significant at the p < .10 level, we nevertheless suggests caution when inter- 
preting the parameter estimate for the proportion of shared genetic covariance between dependent 
stressful life events and depressive symptoms. 
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have elevated symptoms of depression, but nearly two-thirds of this association was due to 
genetic factors that caused both of the outcomes rather than one’s causing the other. 


Discussion 


The aim of this study was to examine common genetic influences on the covariation 
between stress and symptoms of depression among adolescents and young adults. We dis- 
tinguished between independent and dependent SLEs to examine the possibility that active 
gene-environment correlation is partially responsible for the observed association between 
stress and depression. We found evidence for this perspective by demonstrating sizable 
(and common) genetic influences on both dependent SLEs and depressive symptoms. In 
addition, our findings suggest that the association between independent SLEs and depres- 
sive symptoms is independent of genetic influences on both factors. That is, we do not 
demonstrate a significant genetic influence on life events that are outside of the control of 
individuals. 

However, we found sizable genetic influences for dependent SLEs over which persons 
exert some form of control. Therefore, we argue that the association between SLEs and 
depression may be most meaningfully assessed when the SLEs considered are indepen- 
dent of the individual’s own behaviors. Independence may be difficult to measure at times. 
Indeed, even our measure of independent SLEs demonstrated a small additive genetic com- 
ponent (h? = .12). This estimate is in line with similar work (h? = .18) done by others 
(Plomin et al. 1990) and suggests that independent SLEs could be better defined to remove 
any measurable genetic influence. This would provide a more valid environmental measure 
to be used in epidemiologic studies of stress and well-being. 

This perspective is echoed by Kendler and Baker (2007) in their review of standard 
measures of the environment. Not only do SLEs show signs of genetic influence, but nearly 
all self-reported environmental measures evidence additive genetic variation. For example, 
examining seven studies, Kendler and Baker report an average heritability for parental 
warmth of .34 when using child reports and .34 when using parent-based reports. Modest 
heritabilities are also shown for family factors including cohesion (h? = .24), conflict (h? = 
30), and organization (h? = .25) and social factors including social integration (h? = .31) 
and the perception that friends have problems (h? = .23). Twin and family studies provide 
an important perspective on the source of stressors that are generally believed to be exoge- 
nous environmental shocks. If the source of the environment partially overlaps with the 
source of the physical or mental morbidities, efforts should be made to remove components 
of environmental measures that may be confounded by codetermining genetic factors. 

The evidence supporting rGE in the stress-depression association is also important 
because of the implications for gene-environment interaction (GxE) studies. As Jaffee and 
Price (2007: 437) point out, “rGE does not have to reach statistical significance to pro- 
foundly affect the interpretation of GxE estimates.” If the assumption of independence 
between the genotype and environment is violated, the GxE parameter estimate may be 
biased. Given our results in conjunction with the work of others (Bemmels et al. 2008; 
Billig et al. 1999; Kendler and Karkowski-Shuman 1997; Stein et al. 2002), it is impor- 
tant to consider the possible influence of rGE especially for dependent SLEs. Though it is 
difficult to assess the relative contribution of rGE influences as distinct from GxE effects 
(Rutter, Pickles, Murray, and Eaves 2001), an effort to refine life events to exogenous and 
nonheritable events that happen to people would improve the reliability and validity of 
these and other studies and would go a long way toward solidifying this important body of 
work. 
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Limitations 


Several limitations are important to consider in interpreting the results of this study. First, 
all measures of SLEs are self-reported values, and there is no independent corrobora- 
tion of the occurrence or timing of the event. This is important because it is possible 
that the probability of actually reporting an event is heritable rather than the probabil- 
ity of experiencing the event, per se. As such, stress will be characterized as heritable 
when in fact it is latent genetic factors that affect the framing and memory of partic- 
ular events. This is most likely the case for stressors (e.g., being injured in a fight) in 
which interpretation plays a greater role, as is typically the case for the dependent SLEs. 
Thus, this measurement issue has the potential to bias our heritability estimates upward. 
Second, although we use measures of stress across the lifecourse, our measures of stress 
are a simple sum of scores. This procedure does not adequately capture the developmen- 
tal perspective on stress exposure advocated by some (Adkins et al. 2009). The timing 
of the stressor vis-a-vis the age and gender of an adolescent may have important con- 
sequences for the etiology of mental health problems because of the social meaning of 
particular stressors (e.g., some are normative aspects of adolescent development). Further 
efforts should be made to more formally characterize the stress trajectory of “typical” 
U.S. adolescents and to examine how deviations from this norm affect individuals’ mental 
well-being. Finally, as described, the distinction between independent compared to depen- 
dent events was difficult for some of the items. In our assessment, in most cases this was 
most likely the case in which independent events could be characterized as dependent 
rather than the other way around. In this sense, our heritability estimate for indepen- 
dent SLEs may be biased slightly upward. Though this would not change our substantive 
conclusions, it is nevertheless important to consider when evaluating the results of our 
study. 


Conclusion 


Despite these limitations, this study makes important contributions to research on stress 
and depression, on gene-environment correlations and, most important, on the etiology of 
depression among adolescents. Rice and colleagues (2003) and Scourfield and colleagues 
(2003) have shown that adolescence is the period in which genetic influences on depression 
begin to emerge. Further, because adolescents are given increasing autonomy, genetic fac- 
tors may play an important role in stress exposure as they select into specific environments 
(Shanahan and Boardman 2009). Rice and colleagues (2003) show that during childhood, 
genetic factors are important in determining life events (h?7 = .24) but not depression 
(h? = .09, n.s.). They show an increase in the genetic influences on life events (h? = .28) 
and depression (h? = .20) over the life course, and they also show that these two pheno- 
types are associated with one another because of emergent sources of genetic variation. 
Moreover, they show that this association is even more pronounced for dependent life 
events (h* = .41). Similarly, Eley and Stevenson (2000) show that proper characteriza- 
tion of the source of the stress (as dependent or independent) is important for genetically 
informed studies of depression in persons as young as 12 years. The context in which 
adolescents are socialized sets a critical stage for changes in mental health throughout 
their lives. Therefore, it is important to correctly characterize not only the content, timing, 
and duration of stress exposure but also whether the stressors are exogenous or in part 
dependent on their own behavior. 
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